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A display apparatus uses a sub field which illuminates 
addressed pixels of a display unit to display an image. The 
display apparatus includes an image signal processing cir- 
cuit which performs sub field conversion processing on an 
input image signal, a computational processing circuit which 
arranges address data of at least one lower sub field of an 
image displayed on the display unit identical in plural lines, 
and a drive circuit which addresses and illuminates pixels of 
the display unit based on the outputs of the input signal 
processing circuit and the computational processing circuit. 
An image corresponding to the input image signal is dis- 
played by driving the display unit with the drive circuit when 
the computational processing circuit performs addressing of 
the at least one lower sub field simultaneously in plural lines 
and address periods which select the illuminated pixels of 
said display unit are shortened. 
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DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a display technique for a 
display, and in particular relates to a technique for displaying 
an image by illuminating pixels of a display unit. 

[0002] An example of such display is a plasma display 
which is of interest because it can easily be adapted to large 
panels. 

[0003] In this plasma display, the sub field method is 
generally used wherein intermediate gradations between 
light-emitting and non-light emitting are displayed. In this 
method, one field period is formed from plural periods to 
which unique light-emitting weightings are assigned, and 
brightness gradation is represented by controlling the illu- 
mination and non-illumination of pixels (cells) in each sub 
field. In a plasma display wherein an address operation 
which specifies pixels to be illuminated and a sustain 
operation, wherein the specified pixels are illuminated 
(made to emit light), are performed at different times, i.e., 
the so-called address/sustain separation method, one sub 
field period comprises a reset period which initializes the 
state of the cells (pixels), an address period which controls 
the illumination/non-illumination of the cells (pixels), and a 
sustain period which determines the light amount emitted by 
each cell when it is illuminated. These periods are respec- 
tively controlled by control pulses having a predetermined 
time width. 

[0004] In the address period, address processing is per- 
formed corresponding to lines based on data which controls 
the illumination/non illumination of the pixels, so with 
high-resolution panels which have a large number of lines, 
the address period requires a considerable time. If it is 
attempted to deal with this problem by shortening the sustain 
period, sufficient brightness cannot be obtained due to the 
reduction of pixel light-emitting time, and if it is attempted 
to deal with a problem by reducing the number of sub fields 
in one field period, a sufficient gradation cannot be obtained. 
For example, it is attempted to construct a high resolution 
panel having a vertical resolution of 1000 lines where the 
address processing time is 2 /is per line, an address period of 
2 ms (»2/<sxl000 lines) per sub field is required. In general, 
it is said that a gradation of about 256 (8 bits) is required to 
display an image without deterioration of the image signal 
If eight sub fields are formed in one field period (approx. 
16.6 ms) using this 2 ms address period per sub field, the 
total address period in one field is 16 ms (»2 msx8), so 
nearly all of one field period is taken up by the address 
period. As a result, there is practically no time left to allot to 
the sustain period in one field period, so not enough time is 
available for panel illumination and the brightness of the 
image decreases. Also, if the number of sub fields is 
decreased from, for example, 8 to 6, and the number of 
gradations is decreased from 256 to 64, a sufficient number 
of gradations cannot be displayed and the image quality 
deteriorates. 

[0005] Another problem inherent in the sub field method 
is that of false contour which causes the quality of moving 
images to degenerate. To reduce false contour, the distribu- 
tion and center of light emission in one field is usually 
controlled. If the number of gradations that can be displayed 
is fixed, the number of light-emitting patterns that can be 



controlled may be increased by increasing the number of sub 
fields and there is then a large false contour reduction, but if 
a sufficient number of sub fields cannot be obtained, it is 
difficult to reduce false contours. 

[0006] In the prior art display apparatus, the aim was to 
faithfully display the input signal, and techniques were used 
to improve image quality taking account of human visual 
characteristics, such as dither or error scatter processing to 
partially compensate for insufficient number of gradations, 
or control of average brightness, but all these techniques 
only controlled signal amplitude. 

[0007] An example of the related art is that of Japanese 
Unexamined Patent Publication No. Hei 11-24628. In this 
publication, a technique is disclosed for shortening the 
address period by interlace scanning in sub fields corre- 
sponding to lower bits, and also a method for performing a 
write-in operation by selecting two scanning electrodes 
simultaneously instead of interlace scanning, but the specific 
signal-generating technique used is not disclosed. 

[0008] Each line of the image signal is data sampled in the 
vertical direction of one screen, and in order to interpolate 
the sampling data by interlace scanning, the vertical reso- 
lution must first largely be reduced to, for example, one half 
so as to reduce clinch disturbance. In other words, in the 
prior art interpolation of sampling data, the resolution of the 
display panel could not be maintained and a high-quality 
display could not be obtained. 

[0009] If sampling data was interpolated without largely 
reducing the vertical resolution to about half beforehand, 
high frequency signal components were converted to low- 
frequency signal components due to clinch disturbance and 
image quality deteriorated. 

[0010] If the lower bits of adjacent upper and lower data 
are unconditionally made the same, the display data may 
largely vary and image quality may considerably deteriorate. 
For this reason, some kind of processing is necessary. For 
example, with upper and lower adjacent pixel data, when the 
upper pixel data is level 16 and the lower pixel data is level 
15, in a sub field representation with a light-emission 
weighting having a power of 2, level 16 is represented by 
[1,0,0,0] (1 is a light-emitting sub field and 0 is a light 
extinction sub field starting from the upper sub field), and 
level 15 is [0,1,1,1,]. Here, assuming the same data by 
interpolating the sub fields corresponding to the lower three 
bits at a rate of one line in two according to interlace criteria, 
the lower three sub fields [1,1,1] of level 15 [0,1,1,1] of the 
lower pixel are replaced by the lower three sub fields [0,0,0] 
of level 16 [1,0,0,0,] of the upper pixel. As a result, the level 
which is displayed is [0,0,0,0], and a pixel at level 15 
becomes a pixel at level 0. Conversely, if the lower three sub 
fields [1,0,0,0] of level 16 of the upper pixel are replaced 
using the lower three sub fields [1,1,1] of level 15 of the 
lower pixel, the upper pixel at level 16 becomes level 31 
[1,1,1,1]. This extreme level fluctuation is responsible for 
flicker. 

[00U] This invention aims to suppress this type of level 
fluctuation and decrease of resolution by, for example, 
performing processing so that data in predetermined sub 
fields becomes the same, and for example processing lower 
sub fields by referring to signals for common, plural lines. 
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SUMMARY OF THE INVENTION 

[0012] It is therefore an object of this invention to solve 
the above problems inherent in the prior art, and to provide 
a display technique which can produce a high resolution, 
finely graded image. 

[0013] To achieve the above object, in this invention, the 
necessary number of sub fields and display period length are 
achieved by making full use of human visual characteristics 
and the statistical characteristics of the image signal, and 
limiting the amount of resolution information in the display 
image to shorten the address period. 

[0014] This invention therefore provides the following: 

[0015] 1) A display apparatus which displays an 
image by illuminating pixels of a display unit, the 
apparatus comprising an input signal processing cir- 
cuit which processes an input image signal, a control 
circuit which controls display resolution information 
relating to an image displayed on the display unit, 
and a drive circuit which drives the display unit 
based on the outputs of the input signal processing 
circuit and control circuit, wherein an image corre- 
sponding to the input image signal is displayed by 
driving the display unit with the drive circuit when 
the display resolution information is limited by the 
control circuit, and the illuminated pixel selection 
time of the display unit is shortened. 

[0016] 2) A display apparatus using a sub field which 
illuminates addressed pixels of a display unit to 
display an image, comprising an image signal pro- 
cessing circuit which performs sub field conversion 
processing on an input image signal, a control circuit 
which controls display resolution information of an 
image displayed on the display unit and a drive 
circuit which addresses and illuminates pixels of the 
display unit based on the outputs of the input signal 
processing circuit and control circuit, wherein an 
image corresponding to the input image signal is 
displayed by driving the display unit with the drive 
circuit when the display resolution information is 
limited by the control circuit, and the address period 
which selects the illuminated pixels of the display 
unit is shortened. 

[0017] 3) A display apparatus using a sub field which 
illuminates addressed pixels of a display unit to 
display an image, comprising a display unit on which 
the pixels are arranged in plural lines, an image 
signal processing circuit which converts an input 
image signal into sub field data showing illumination 
or extinction of each sub field, a smoothing circuit 
which performs control so that bit data of the sub 
field data are arranged in the plural lines of the 
display unit, a control circuit which controls the 
address periods of the sub fields so as to arrange the 
bit data, and a drive circuit which addresses and 
illuminates pixels of the display unit based on the 
outputs of the image signal processing circuit, 
smoothing circuit and control circuit, wherein the 
image is displayed by driving the plural lines of the 
display unit while performing control to shorten 
address periods in predetermined sub fields, and 
arranging the bit data. 



[0018] 4) A display apparatus using a sub field which 
illuminates addressed pixels of a display unit to 
display an image, comprising a display unit on which 
pixels are formed in intersecting parts where first line 
electrodes and second line electrodes are arranged to 
intersect, a conversion circuit which converts an 
input image signal to sub field data, a smoothing 
circuit which performs control so that bit data of the 
sub field data are arranged in plural lines of second 
line electrodes of the display unit, a control circuit 
which controls the address periods of the sub fields 
in which the bit data are arranged, and a drive circuit 
which forms a drive signal that drives the display 
unit based on the output of the control circuit, 
addresses pixels by driving at least the first fine 
electrodes and illuminates the addressed pixels by 
driving the second line electrodes, wherein the image 
is displayed by driving the plural lines of second line 
electrodes of the display unit while controlling 
address periods in predetermined sub fields, and 
arranging the bit data. 

[0019] 5) A display method for displaying an image 
by illuminating pixels of a display unit, comprising 
an input signal processing step for processing an 
input image signal, a control step for controlling 
display resolution information of an image displayed 
on the display unit and a drive step for driving the 
display unit based on the outputs formed by the input 
signal processing step and control step, wherein an 
image corresponding to the input image signal is 
displayed by driving the display unit when the dis- 
play resolution information is limited and the illu- 
minated pixel selection time of the display unit is 
shortened. 

[0020] 6) A display method using a sub field for 
illuminating addressed pixels of a display unit to 
display an image, comprising an image signal pro- 
cessing step for performing sub field conversion 
processing on an input image signal, a control step 
which controls display resolution information of an 
image displayed on the display unit, and a drive step 
which addresses and illuminates pixels of the display 
unit based on the outputs of the input signal pro- 
cessing step and control step, wherein an image 
corresponding to the input image signal is displayed 
by driving the display unit when the display resolu- 
tion information is limited by the control circuit, and 
the address periods are shortened. 

[0021] 7) A display method using a sub field for 
addressing and illuminating pixels of a display unit 
on which the pixels are arranged in plural lines so as 
to display an image, comprising an image signal 
processing step for converting an input image signal 
into sub field data showing illumination or extinction 
of each sub field, a smoothing step for performing 
control so that bit data of the sub field data are 
arranged in the plural lines, a control step for con- 
trolling address periods of the sub fields in which the 
bit data are arranged, and a drive step for addressing 
and illuminating pixels of the display unit based on 
the outputs of the image signal processing step, 
smoothing step and control step, wherein the image 
is displayed by driving the plural lines of the display 
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unit while controlling address periods in predeter- 
mined sub fields, and arranging the bit data. 

[0022] 8) A control-drive circuit for driving a display 
apparatus which displays an image by illuminating 
pixels of a display unit, comprising an input signal 
processing circuit which processes an input image 
signal, a control circuit which controls display reso- 
lution information of an image displayed on the 
display unit, and a drive circuit which drives the 
display unit based on the outputs of the input signal 
processing circuit and control circuit, wherein an 
image corresponding to the input image signal is 
displayed by driving the display unit with the drive 
circuit when the display resolution information is 
limited by the control circuit, and the illuminated 
pixel selection time of the display unit is shortened. 

[0023] 9) A control -drive circuit for driving a display 
apparatus using a sub field which illuminates 
addressed pixels of a display unit to display an 
image, comprising an image signal processing circuit 
which performs sub field conversion processing on 
an input image signal, a control circuit which con- 
trols display resolution information of an image 
displayed on the display unit, and a drive circuit 
which addresses and illuminates pixels of the display 
unit based on the outputs of the input signal pro- 
cessing circuit and control circuit, wherein the dis- 
play resolution information in predetermined sub 
fields is limited by the control circuit, and the address 
periods of the display unit are shortened by the drive 
circuit. 

[0024] 10) A control-drive circuit for a display appa- 
ratus using a sub field which illuminates addressed 
pixels of a display unit to display an image, com- 
prising an image signal processing circuit which 
converts an input image signal into sub field data 
showing illumination or extinction of each sub field, 
a smoothing circuit which performs control so that 
bit data of the sub field data are arranged in plural 
lines of the display unit, a control circuit which 
controls address periods of the sub fields to arrange 
the bit data, and a drive circuit which addresses and 
illuminates pixels of the display unit based on the 
outputs of the image signal processing circuit, 
smoothing circuit and control circuit, wherein a drive 
output which controls address periods in predeter- 
mined sub fields and arranges the bit data is obtained 
as an output for driving the plural lines of the display 
unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic view of discharge cells and 
electrodes in a plasma display. 

[0026] FIG. 2 is a descriptive diagram of electrode 
applied voltages in an address period according to the prior 
art. 

[0027] FIG. 3 is a diagram showing an example of a field 
arrangement according to the prior art. 

[0028] FIG. 4 is a diagram showing a field arrangement 
according to a first embodiment of this invention. 



[0029] FIG. 5 is a descriptive diagram of electrode 
applied voltages in an address period according to the first 
embodiment of this invention. 

[0030] FIG. 6 is a diagram showing a field arrangement 
according to a second embodiment of this invention. 

[0031] FIG. 7 is a diagram showing a field arrangement 
according to a third embodiment of this invention. 

[0032] FIG. 8 is a diagram showing a field arrangement 
according to a fourth embodiment of this invention. 

[0033] FIG. 9 is a diagram showing an electrode applied 
voltage in an address period according to the fourth embodi- 
ment of this invention. 

[0034] FIG. 10 is a block diagram of a typical construc- 
tion of a display unit in which a sub field arrangement 
relating to the embodiments of this invention is applied. 

[0035] FIG. 11 is a block diagram of a typical construction 
of a smoothing circuit of FIG. 10. 

[0036] FIG. 12 is a figure showing another example of 
electrode applied voltages in an address period relative to 
the embodiments of this invention. 

[0037] FIG. 13 is a display mode descriptive drawing 
when address periods are shortened according to this inven- 
tion. 

[0038] FIG. 14 is a schematic layout diagram of discharge 
cells and electrodes in the case of odd field display of a 
plasma display which performs interlacing. 

[0039] FIG. 15 is a schematic layout diagram of discharge 
cells and electrodes in the case of even field display of a 
plasma display which performs interlacing. 

[0040] FIG. 16 is an operating mode diagram of a pro- 
cessing circuit 202 shown in FIG. 11. 

[0041] FIG. 17 is a block diagram of a typical arrange- 
ment of the processing circuit 202 shown in FIG. 11. 

[0042] FIG. 18 is a block diagram of another typical 
arrangement of the processing circuit 202. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] Specific embodiments of this invention will here- 
after be described referring to the drawings. 

[0044] FIG. 1 shows a schematic view of the arrangement 
of discharge cells and electrodes in an ordinary AC 3 
electrode plasma display. 

[0045] In FIG. 1, 5101, 5102, 5103, 5104 are X sustain 
electrodes, 5201, 5202, 5203, 5204 are Y sustain electrodes, 
and 5300 and 5301 are address electrodes. 

[0046] The address electrodes 5300 and 5301 are formed 
on a rear face plate, and the X sustain electrodes 5101-5104 
and Y sustain electrodes 5201-5204 are formed on a front 
face plate. Pixels are formed at the intersections of electrode 
pairs of X sustain electrodes and Y sustain electrodes, and 
the address electrodes. Due to discharges between these 
electrodes, pixels 5410, 5411, 5420, 5421, 5430, 5431, 5440 
and 5441 are formed on a panel as shown in FIG. 1. 
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[0047] FIG. 2 is a diagram of the applied voltages of the 
Y sustain electrodes 5201-5204 and address electrodes 
5300-5301 in an address period according to the prior art. 

[0048] As shown in FIG. 2, a scanning pulse is applied in 
the sequence Yl sustain electrode 5201, Y2 sustain electrode 
5202, Y3 sustain electrode 5203 and Y4 sustain electrode 
5204, and an address pulse which controls illumination/non- 
illumination of every line is applied to the AO address 
electrode 5300 and Al address electrode 5301. 

[0049] Here, the scanning pulse is applied to the Yl 
sustain electrode 5201 at a time Tl to control illumination/ 
non-illumination of the pixels 5410, 5411 in the first line. Id 
this example, an address voltage is applied to both the AO 
address electrode 5300 and Al address electrode 5301, so an 
address discharge occurs between the AO address electrode 
and Yl sustain electrode, and between the Al address 
electrode and Yl sustain electrode, which permits illumina- 
tion in the sustain period after a wall charge is formed. 
Subsequently, address processing which controls illumina- 
tion/non-illumination is performed for the pixels 5420, 5421 
in the second line at a time T2, for the pixels 5430, 5431 in 
the third line at a time 13, and for the pixels 5440, 5441 at 
a time T4, respectively. Due to this address processing per 
line, wall charges are formed in the cells, and the light 
emission in the sustain period is controlled. 

[0050] FIG. 3 is a descriptive drawing of the prior art 
technique, and shows a typical field arrangement wherein 
one field comprises three sub fields (SF1, SF2, SF3). 

[0051] In FIG. 3, 10 is a reset period for initializing the 
state of the discharge cells in each sub field, 20 is an address 
period which controls the illumination/non -illumination of 
the pixels in each sub field, and 31, 32, 33 are sustain periods 
which determine the light emission amounts in the respec- 
tive sub fields. 

[0052] In these sustain periods 31, 32, 33, for discharge 
cells wherein a wall charge was formed in the address period 
20, light emission occurs according to the number of sustain 
pulses. In this sub field scheme, a light emission weighting 
corresponding respectively to the sub fields SF1-SF3 is 
assigned to represent gray scale. In the example of FIG. 3, 
the number of sustain pulses in the sustain periods 31, 32, 33 
of the sub fields SF1-SF3 is arranged to be approximately 
4:2:1 in proportion to the light emission weighting of each 
sub field. In this way, it is possible to represent a level of 0 
where none of the sub fields SF1-SF3 emit light, to a level 
of 7 (=3+2+1) where all the sub fields SF1-SF3 emit light. 
Here, the maximum brightness (level 7) which can be 
displayed is determined by the sum of the number of sustain 
pulses in each of the sustain periods 31, 32, 33 of the sub 
fields SF1-SF3. Therefore, if the time which does not 
contribute to light emission in one field, e.g., the address 
period 20, becomes too long, sufficient brightness cannot be 
maintained, and it will no longer be possible to obtain a good 
image. An address period 20 proportional to the number of 
display lines is required for one sub field. For this reason, if 
it is attempted to manufacture a display panel of high 
resolution, a sufficient number of sub fields cannot be 
provided, the gradation of the display will be inadequate, the 
brightness will decline and the image will deteriorate. 

[0053] FIG. 4 relates to a first embodiment of this inven- 
tion, and is a drawing of a typical field arrangement where 



the address period of the lower sub field SF3 which has a 
small light emission weighting is set to one half of that in the 
conventional frame arrangement shown in FIG. 3. 

[0054] In FIG. 4, 21 is the address period of the lower sub 
field SF3, and it is one half of that in FIG. 3. 

[0055] In FIG. 4, in the sub fields SF1, SF2, as in the case 
shown in FIG. 3, discharge cells are initialized in the reset 
period 10, and illumination/non -illumination pixels are 
selected for every line in the address period 20. In the sustain 
periods 31 and 32, the pixels chosen in the address period 20 
are made to emit light according to their respective light 
emission weighting. In the sub field SF3, in the address 
period 21 which follows the reset period 10, address control 
processing is performed in half the time per line by per- 
forming address processing on two adjacent lines simulta- 
neously. 

[0056] FIG. 5 is a descriptive drawing relating to this 
embodiment, and shows the voltages applied to the Y sustain 
electrodes 5201-5204 and address electrodes 5300-5301 in 
the address period. 

[0057] As shown in this figure, for the Yl sustain electrode 
5201 and Y2 sustain electrode 5202, address processing is 
performed using identical data for two lines simultaneously 
by simultaneously applying scanning pulses. After the Yt 
sustain electrode 5201 and Y2 sustain electrode 5202, 
address processing of the Y3 sustain electrode 5203 and Y4 
sustain electrode 5204 is performed simultaneously. Thus, 
by simultaneously applying a scanning pulse to and address- 
ing two lines at a time, the time required to scan all the lines 
on the screen can be shortened to one half. 

[0058] In the example shown in FIG. 5, address process- 
ing was performed on two lines simultaneously, but three or 
four lines may also be processed simultaneously in which 
case the required address time is Vz or V4. Further, this 
shortening of the address period is not limited to the lowest 
sub field SF3 with the smallest light emission weighting, and 
may be performed for the sub field SF2 or to both the sub 
fields SF2, SF3. Another possibility is to perform address 
processing on two lines simultaneously for the sub field SF2 
to shorten the processing time to V6, and to perform address 
processing on three lines simultaneously for the sub field 
SF3 to shorten the processing time to ] A. Due to this 
processing, although vertical resolution information in lower 
sub fields with small light emission weighting will be lost, 
flat parts of the image can be displayed smoothly without 
any problem and signals for edge parts can be reproduced by 
higher sub fields with a large light emission weighting, so a 
bright image can be displayed with hardly any image 
deterioration. 

[0059] Hence, according to this embodiment, by reducing 
the number of address control data in a specific sub field, 
address periods which do not directly contribute to light 
emission in one field are shortened, and the shortened parts 
can be added to the sustain periods 31, 32, 33 to extend these 
periods to gain higher brightness, or the number of sub fields 
can be increased by these shortened parts to gain higher 
image quality. 

[0060] According to this embodiment, address processing 
is performed on two adjacent lines simultaneously by iden- 
tical data. Due to image correlations, similar data tends to be 
obtained between neighboring pixels, and as processing is 
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performed oo the sub field SF3 which has a small light 
emission weighting, the address processing time can be 
shortened with almost no image deterioration. 

[0061] FIG. 6 shows a second embodiment of this inven- 
tion wherein a sub field SF4 is added to the frame arrange- 
ment of the prior art shown in FIG. 3, and the address 
periods of the lower sub fields SF3-SF4, which have a low 
light emission weighting, are set to Vi. 

[0062] In FIG. 6, 21 is the address period of the sub fields 
SF3, SF4, and is half that shown in FIG. 3. 34 is the sustain 
period of the sub field SF4. The remaining features corre- 
spond to features of FIG. 3 designated by the same symbols. 

[0063] In FIG. 6, in the sub fields SF1, SF2, the discharge 
cells are initialized in the reset period 10, and selection 
processing of illumination/non-illuminalion pixels is per- 
formed for every line in the address period 20, as in the case 
of FIG. 3. In the sustain periods 31 and 32, the pixels chosen 
in the address period are made to emit light according to 
their respective light emission weightings. In the sub field 
SF3, in the address period 21 following the reset period 10, 
address processing is performed in half the time by per- 
forming address processing on two lines simultaneously, and 
illumination/non-illumination is controlled two lines at a 
time by equal data. In the sustain period 33 which follows 
this, the lines selected by the address processing are made to 
emit light. Likewise, in the sub field SF4, in the address 
period 21 which follows the reset period 10, address control 
processing is performed in half the time by performing 
address processing on two lines simultaneously, and in the 
sustain period 34, the cells selected by address processing 
are made to emit light. 

[0064] Thus, according to the embodiment of FIG. 6, by 
making the address period 21 of the sub fields SF3, SF4 half 
the original period, the four sub fields SF1-SF4 can be 
provided within one field period, and 16 levels can be 
displayed by setting the light emission ratio of the sustain 
periods 31, 32, 33, 34 to 8:4:2:1. In this embodiment, the 
address period of the sub field SF4 was added, but as the 
address periods of the sub fields SF3 and SF4 arc halved, the 
sum of the address periods of all the sub fields SF1-SF4 
within one field period is almost equal to that of the prior art 
arrangement shown in FIG. 3. Thus, the number of display 
levels can be increased while effectively maintaining the 
same brightness as that of the prior art, and a high quality 
image can be displayed. 

[0065] FIG. 7 shows a third embodiment of this invention 
wherein the sub field SF4 is added to the prior art frame 
composition of FIG. 3, and the address periods of the lower 
sub fields excepting the lowermost sub field SF4 are halved. 
A numeral 21 is the address period of the sub fields SF2 and 
SF3, and 34 is the sustain period of the sub field SF4. The 
remaining features of the arrangement correspond to those 
of FIG. 3. 

[0066] In the third embodiment, as shown in FIG. 7, 
address processing is performed on all lines in the sub fields 
SF1 and SF4, and address processing is performed by 
identical data two lines at a time in the sub fields SF2 and 
SF3. 

[0067] According to this third embodiment, the address 
period 21 of the sub fields SF2 and SF3 is approximately 
half that of the usual address period 20, and the total address 



period within one field period can be made effectively equal 
to that of the three sub fields of the prior art method shown 
in FIG. 3, as in the case of the above-mentioned second 
embodiment. Hence, the number of display levels can be 
increased while maintaining effectively the same brightness 
as that of the prior art. 

[0068] According to this third embodiment, unlike the 
aforesaid second embodiment, the lowermost sub field SF4 
controls illumination/non-illumination of each line, so 
image deterioration can be reduced when a pseudo-interme- 
diate gradation such as the dither or error diffusion method 
is used in conjunction. In the dither or error diffusion 
method, the average brightness is simulated by turning a 
minimum gradation step ON or OFF. For example, if the 
minimum gradation step is set to 1, a level of 0.5 can be 
simulated by alternately turning this minimum step ON and 
OFF, hence a finer intermediate gradation can be expressed 
by changing the ratio of this ON/OFF. Although it is possible 
to simulate more levels than the real number by applying this 
pseudo-intermediate gradation, there is the disadvantage that 
the ON/OFF pattern of the minimum step level is visible as 
granular noise. In the level representation based on the sub 
field scheme, this minimum step level corresponds to the 
light emission amount of the lowermost sub field. Moreover, 
as a plasma display, etc., does not have the same gamma 
characteristic as a conventional CRT, the display gradation 
on the low brightness side tends to be rather coarse. There- 
fore, if a pseudo -intermediate gradation is applied, interfer- 
ence due to the granular noise produced when it is attempted 
to simulate the gradation between the black level and the 
minimum step level when the lowermost sub field is ON, is 
usually conspicuous. In the above first and second embodi- 
ments, the lowermost sub fields SF3 and SF4 in each case 
are controlled by identical data two fines at a time, and the 
grain of this granular noise becomes large and causes image 
deterioration, but in this third embodiment, the lowermost 
sub field SF4 is controlled for each dot, so interference due 
to granular noise is suppressed. 

[0069] It is known that in the case of an ordinary natural 
image, the differential information amplitude distribution of 
adjacent pixels is a Laplacian distribution. This has the 
characteristic that the occurrence frequency of low ampli- 
tude differential information near 0 is high, and the occur- 
rence frequency of high amplitude differential information is 
low. This shows that when attention is directed to two pixels 
in the vertical direction, the difference between the two is 
usually 0 (same level) or very small. 

[0070] In the above first and second embodiments, to 
control the light emission of the lowermost sub fields SF3 
and SF4 by the identical data for two lines, when the 
difference between the two is 0 (same level), the image can 
be displayed without any deterioration of quality. On the 
other hand, in the third embodiment, as the lowermost sub 
field SF4 is controlled independently in line units, the image 
can be displayed without any deterioration of quality not 
only when the difference between the two pixels is 0 (same 
level), but also when it is within a minimum gradation step. 

[0071] Hence, according to this third embodiment, by 
independently controlling the lower sub fields SF2, SF3 
including the lowermost sub field SF4, image deterioration 
can be reduced in the range where an adjacent pixel differ- 
ence, which occurs frequently, is small. 
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[0072] According to this third embodiment, signals in the 
edge part of the image which contains a lot of information, 
although their occurrence frequency is low, are correctly 
represented by independently controlling the upper sub 
fields, including the uppermost sub field, so image deterio- 
ration can be further reduced by decreasing the address 
period overall. If this is applied to a high gradation image, 
for example in the case of eight sub fields SF1-SF8 having 
a light emission ratio of 128:64:32:16:8:4:2:1, which can 
represent 256 gradations, the two sub fields SF5, SF6 can be 
displayed by identical data for two lines, while for the lower 
sub fields SF7, SF8 including the lowermost sub field, and 
the upper sub fields SF1, SF2, SF3, SF4 including the 
uppermost sub field, address control may be performed per 
line as in the prior art. 

[0073] As an example of an application of this embodi- 
ment, there is also an arrangement wherein a change-over is 
performed as necessary between a high resolution/low 
brightness display mode wherein the address period is not 
shortened at all, and a low resolution/high brightness mode 
wherein the address period is shortened for a large number 
of sub fields. For example, when the display is used as a 
computer monitor or the like, it is set to the high resolution 
display mode where address periods are not shortened at all, 
and when it is used to display video signals, a change-over 
is made to the high brightness display mode where, of the 
eight sub fields SF1-SF8, the two sub fields SF5, SF6 are 
displayed using identical data for two lines. 

[0074] The brightness adjustment range can also be 
expanded, for example the address period may be shortened 
for three or more sub fields depending on the brightness of 
the surroundings where the display apparatus is installed, on 
user settings, and on image signal levels. 

[0075] FIG. 8 is a descriptive diagram of a fourth embodi- 
ment of this invention wherein, of the sub fields SF1-SF4, 
the address periods of the lower sub fields SF2, SF3 exclud- 
ing the lowermost sub field SF4 are set to half, and the light 
emission ratio of their sustain periods is made identical. A 
numeral 21 is an address period shortened by data thinning 
with a first phase of the sub field SF2, 22 is an address period 
shortened by data thinning with a second phase of the sub 
field SF3, 32, 33 are sustain periods of the sub fields SF2, 
SF3 which both have the same light emission ratio, and 34 
is the sustain period for the sub field SF4. 

[0076] According to this fourth embodiment, the light 
emission ratio of the sub fields SF1-SF4 is not a power of 2 
such as 1:2:4: . . . , and the light emission amounts of the sub 
fields SF2, SF3 are made identical. Specifically, a light 
emission weighting of, for example, 4:2:2:1 is adopted. By 
using a light emission ratio different to that of a power of 2, 
although the number of levels which can be displayed by the 
same number of sub fields decreases, there is an advantage 
in that false contour interference which is inherent in the sub 
field method can be reduced. 

[0077] According to this fourth embodiment, the address 
periods 21, 22 are compressed for the two sub fields SF2, 
SF3 which have equal light emission weightings, and data is 
thinned with different phases for the sub fields SF2, SF3. In 
the address period 21 of the sub field SF2, as shown in FIG. 
5, equal scanning pulses are applied to the Yl sustain 
electrode and Y2 sustain electrode, the first line and second 
line are addressed by identical data, scanning pulses are 



simultaneously applied to the Y3 sustain electrode and Y4 
sustain electrode, and the third line and fourth line are 
addressed by the same data. However in the address period 
22 of the sub field SF3, as shown in FIG. 9, equal scanning 
pulses are applied to the Y2 sustain electrode and Y3 sustain 
electrode, the second line and third line are addressed by the 
same data, scanning pulses are simultaneously applied to the 
Y4 sustain electrode and Y5 sustain electrode, and the fourth 
line and fifth line are addressed by identical data. Due to this 
construction, by making it possible to perform address 
processing on, for example, the Y2 sustain electrode select- 
ing either identical data to that used for the Yl sustain 
electrode or identical data to that used for the Y3 sustain 
electrode, the optimum processing can be selected and 
image deterioration due to shortening of the address period 
can be reduced. 

[0078] In the method where identical data is used for 
processing two lines in one pair, the data for the two lines 
may easily comprise similar values and there is a possibility 
that the interference known as line pairing may occur. 
However according to the fourth embodiment, as there are 
two kinds of line pair processed by identical data, line 
pairing is not conspicuous. To reduce this line pairing, even 
in sub fields having different light emission weightings as in 
the aforesaid second and third embodiments, the phases of 
the thinned lines can be staggered. Alternatively, the phases 
of the thinned lines may be changed in field units, for 
example the lines in the pairs may be changed in odd fields 
and even fields. 

[0079] Hence, according to this fourth embodiment, the 
address period can be shortened while still suppressing false 
contour interference, and a display apparatus having high 
brightness or excellent gradation characteristics can be pro- 
vided. 

[0080] FIG. 10 shows an example of a display apparatus 
in which the sub field arrangement of the aforesaid embodi- 
ments is applied. 

[0081] In FIG. 10, 101, 102, 103 are respectively A/D 
conversion circuits for converting R, G, B signals to digital 
signals, 2 is a sub field conversion circuit wherein A/D 
converted binary digital signals are converted to sub field 
data representing illumination/non-illumination of sub 
fields, 200 is a control bit smoothing circuit provided in the 
sub field conversion circuit 2 which smoothes control bits 
corresponding to sub fields where address periods are com- 
pressed, 3 is a sub field sequential conversion circuit which 
converts sub field data expressed in pixel units into a surface 
sequence format in sub field units, 301 is a frame memory 
provided in the sub field sequential conversion circuit 3 
which represents surface sequences in bit units, 4 is a drive 
circuit which, by inserting pulses necessary for driving, 
converts signals converted to a surface sequence format in 
sub field units into voltages (currents) for driving the display 
apparatus, 5 is a display panel on which different gradations 
are represented by the sub field scheme, and 6 is a control 
circuit for generating control signals required for each block 
such as a dot clock CK, horizontal sync signal H and vertical 
sync signal V which comprise timing information for the 
input image signal. 

[0082] Herein, the input signals R, G, B signals are 
converted to digital signals by the A/D conversion circuits 
101, 102, 103. These digital signals are based on ordinary 
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binary expressions, each bit having a weighting of a power 
of 2. Specifically, when an 8-bit signal bO, bl, . . . b6, b7 is 
quantized, the least significant bit bO has a weighting of 1, 
bl has 2, b2 has 4, b3 has 8, and b7 has 128. The digital 
signals are converted into sub field data representing illu- 
mination/non illumination of sub fields by the sub field 
conversion circuit 2. This sub field data comprises informa- 
tion about numbers of bits corresponding to numbers of sub 
fields which display the image. If the image is displayed by 
eight sub fields, the data comprises an 8-bit signal SO, 
Sl f . . . S7. The bit SO shows whether or not the correspond- 
ing pixel emits light during the light-emitting period of the 
first sub field SF1, and likewise, SI, S2, . . . correspond in 
order to the sub fields SF2, SF3. 

[0083] In the control bit smoothing circuit 200, smoothing 
is performed on the control bit corresponding to the sub field 
for which the address period is compressed. In other words, 
as addressing is performed using an identical control bit for 
two lines simultaneously, a conversion is performed so that 
the corresponding control bit comprises identical data for 
sub field data one line higher or sub field data one line lower 
which constitute a pair. This control bit smoothing will be 
described later. This sub field data is input into the sub field 
sequential conversion circuit 3, and written in pixel units in 
the frame memory 301 provided in the sub field sequential 
conversion circuit 3. In other words, one field portion of the 
bit SO showing illumination or non-illumination of the sub 
field SF1 is read, the bit SI showing illumination or non- 
illumination of the sub field SF2 is read and S2, S3, . . . S7 
are read in sequence, and then these are output as address 
data to construct the sub fields. In this process, in sub fields 
where the address period is compressed, one line of two is 
thinned out and data corresponding to half the number of 
lines is read as address data. Subsequently, signal conversion 
and pulse insertion are performed by the drive circuit 4 to 
drive the display elements, and the matrix display panel 5 is 
thereby driven. 

[0084] A scanning pulse output simultaneously with the 
address data of the address period is output with the timing 
shown in FIG. 2 in sub fields in which address processing 
is performed in ordinary line units, and output with the 
timing shown in FIG. 5 or FIG. 9 in sub fields where 
address processing is performed simultaneously for two 
lines and the control period is compressed. 

[0085] Due to this construction, the address period can be 
shortened for predetermined sub fields, and a display appa- 
ratus having higher brightness or higher image quality than 
that of the prior art can be manufactured. 

[0086] In the above construction, all the data was written 
into the frame memory 301, and one line in every two was 
thinned when the address period was compressed in the read 
stage, but thinning may instead be performed in the write 
stage. In this way, memory capacity can be reduced, or the 
image can be displayed with a higher resolution or more 
gradations using a memory of the same capacity. 

[0087] When the number of sub fields is increased, or false 
contour interference reduction processing is performed by 
assigning a light emission weighting different to that of a 
power of 2, a conversion to a sub field light emission pattern 
is performed from the input image signal level in the sub 
field conversion circuit 2. For example, when an image 
signal input in 8 bits is displayed by 10 sub fields, the 8 bit 



input signal is converted to 10 bit sub field data by a 
combination of logic circuits or a lookup table. 

[0088] Next, the construction of the control bit smoothing 
circuit 200 will be described referring to FIG. 11. 

[0089] In FIG. 11, 201 is a line memory for delaying sub 
field data by one line, 202 is a processing circuit for 
converting two inputs PI, P2 by a control signal CB so that 
specified bit data is the same, and outputting them as outputs 
01,02, 203 is a line memory for delaying the output 01 of the 
processing circuit 202 by one line, and 204 is a change-over 
circuit for changing over and outputting two inputs a, b in 
line units. 

[0090] Herein, as sub field data S wherein illumination/ 
non illumination of each sub field corresponds to bit data, 
the input PI of the line memory 201 and processing circuit 
202 is input. Sub field data delayed by one line by the line 
memory 201 is input to the input P2 of the processing circuit 
202. In the processing circuit 202, a conversion is performed 
so that predetermined bit data is equal relative to sub field 
data for two vertically adjacent pixels for the present fine 
and the immediately preceding line using sub field data from 
the input PI and sub field data delayed by one fine from the 
input P2. Sub field data on which this conversion processing 
has been performed is output by the processing circuit 202 
as the outputs 01,02. As the outputs 01,02 of the processing 
circuit 202 are sub field data for vertically adjacent pixels on 
the screen, by delaying the output 01 by one line in the fine 
memory 203 and changing over the change-over circuit 204 
every line to sequentialize two line signals, the outputs are 
converted to sub field data D wherein predetermined bit data 
has the same value for two lines. 

[0091] The position of the bit which is processed by the 
processing circuit 202 to give the same bit data is determined 
by the control signal CB, and it is possible to set the sub field 
in which the address period is shortened. The setting when 
no address period shortening is performed at all is also 
performed by the control signal CB, in which case the input 
PI is output as the output 01 without modification and the 
input P2 is output as the output 02 without modification by 
the processing circuit 202. 

[0092] In the simplest arrangement of the processing cir- 
cuit 202, predetermined bit data of the input PI is output 
without modification as bit data at an identical position of 
the input P2. In this way, the two bit data can be made equal. 
Alternatively, bit data of the input P2 can be output as bit 
data at an identical position of the input PI. Either of these 
methods may be selected to minimize discrepancies from the 
input signal. Other arrangements may also be used provided 
that the bit data specified by the control signal CB is the 
same in the outputs 01,02, and the difference from the input 
signal due to the conversion is small. In this case, the 
arrangement may also be such that signals other than the bits 
specified by the control signal CB are modified to make the 
difference from the input signal due to conversion small. 

[0093] In the aforesaid embodiments, to shorten the 
address periods of specified sub fields, scanning pulses were 
applied to two lines simultaneously and address processing 
was performed on two lines together, as shown in FIG. 5 or 
FIG. 9. By performing this processing, the address periods 
can be shortened, but as a discharge occurs two lines at a 
time when address processing is performed, there is a 
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problem in that the peak value of the address discharge 
current increases. To avoid this problem, FIG. 12 shows a 
case where pulses are applied at different times to two lines 
comprising Yl sustain electrode and Y2 sustain electrode, or 
Y3 sustain electrode and Y4 sustain electrode pairs. Due to 
this arrangement, increase of peak discharge current can be 
suppressed, and the driver circuit can be made smaller and 
more compact which is economical. In this case, the address 
processing period may be delayed by a period TD compared 
to the usual address timing. Alternatively, as it may be 
expected, due to the priming effect which accompanies 
adjacent pixel discharges of the Yl sustain electrode and Y3 
sustain electrode, that the discharge timing of latter lines of 
the Y2 sustain electrode and Y4 sustain electrode will be 
advanced, the scanning pulse width of latter lines may be 
made narrower with the usual address processing period. As 
a result of this arrangement, the address period can be 
shortened at a peak discharge current which is of the same 
order as in the prior art. FIG. 12 shows the case where the 
Yl sustain electrode and Y2 sustain electrode, and Y3 
sustain electrode and Y4 sustain electrode, are combined in 
pairs two lines at a time, but instead of two lines, three lines 
or four lines may be processed simultaneously. In this case 
also, scanning pulses may be applied with different timings 
so that the address discharges are not duplicated. The 
situation is the same when line pairs are staggered, as in the 
case of the Y2 sustain electrode and Y3 sustain electrode, 
and the Y4 sustain electrode and Y5 sustain electrode, and 
scanning pulses for latter lines may be applied with a certain 
delay. 

[0094] Next, FIG. 13 shows the relation between a high 
resolution/low brightness display mode when no shortening 
of address period is performed, and a low resolution/high 
brightness display mode when the address period is short- 
ened for a relatively large number of sub fields, in the case 
of the display apparatus of this invention. 

[0095] In FIG. 13, the vertical axis shows the time axis, 
and represents a time distribution of the processing assigned 
in one field period. The horizontal axis shows the set values 
of maximum brightness, and shows that the time distribution 
of sub fields SF1-SF4 changes between four modes A, B, C, 
D according to the setting range of this maximum bright- 
ness. Herein, SF1, SF2, SF3, SF4 represent the address 
periods of the respective sub fields SF1-SF4, and the shaded 
regions represent the total number of sustain pulses of all sub 
fields in one field period. 

[0096] As shown in FIG. 13, in the region A which has a 
low maximum brightness setting, all sub fields are displayed 
without shortening address periods. In the region B which 
has a slightly higher set brightness, the address period of the 
sub field SF4 is shortened, and the resulting free time is 
assigned to the sustain period to achieve high brightness. In 
the case where the maximum brightness setting is increased 
in regions C and D, the address periods of the sub fields SF3 
and SF2 are successively shortened to Vi in addition to the 
lowermost sub field SF4, and a sustain period which can 
achieve the set brightness is obtained. 

[0097] In this example, the case is shown where the 
address period was shortened to Vi, but it may be shortened 
to *A or Vi. Alternatively, after first shortening to Yz, the 
setting may be changed to Vs or Vi to further lengthen 
(extend) the sustain period and achieve improved brightness. 



[0098] In the display apparatus of the prior art, shortening 
of address period was not performed and consequently only 
the sustain period/brightness corresponding to region A 
shown in FIG. 13 could be used. According to this inven- 
tion, display resolution information is limited as necessary 
as in the case of B,C, D, and higher brightness is possible 
due to the extended sustain period. 

[0099] Further, according to this invention, a still wider 
range of brightness settings is possible depending on the 
brightness of the environment where the display apparatus is 
situated, on user settings and on image signal levels, and a 
high-quality, high brightness display apparatus can be pro- 
duced. Hence, any image quality can be easily obtained 
according to image and user objectives, e.g., in computer 
monitors, high resolution is required without demanding 
high brightness, whereas in the case of films or video 
displays, a bright, lively display is desired without the need 
for such high resolution. 

[0100] The aforesaid embodiments are all based on the 
method where address and sustain are separate, but the same 
effect can be obtained by shortening the address periods 
even in multi-drive systems where the address and sustain 
periods overlap in the field. 

[0101] This invention may also be applied, by varying the 
positions of light emitting lines for each field relative to an 
interlaced input signal, to the plasma display apparatus 
disclosed in Japanese Unexamined Patent Publication No. 
Hei(9-160525) which displays an interlaced scanning signal. 

[0102] FIG. 14 and FIG. 15 schematically show the 
layout of discharge cells and electrodes in a plasma display 
which performs interlacing. FIG. 14 shows the case of odd 
fields, and FIG. 15 shows the case of even fields. 

[0103] In FIG. 14 and FIG. 15, 5101, 5102, 5103, 5104 
are X sustain electrodes, 5201, 5202, 5203, 5204 are Y 
sustain electrodes, and 5300, 5301 are address electrodes. 
The address electrodes 5300, 5301 are formed on a rear face 
plate, while the X sustain electrodes 5101-5104 and Y 
sustain electrodes 5201-5204 are formed on a front face 
plate. 

[0104] To produce an interlaced scanning display, when an 
odd field is displayed, pixels are formed by discharge light 
emission between the Y sustain electrodes and X sustain 
electrodes 5201-5101, 5202-5102, 5203-5103 as shown in 
FIG. 14. Likewise, when an even field is displayed, pixels 
are formed by discharge light emission between the X 
sustain electrodes and Y sustain electrodes 5101-5202, 
5102-5203, 5103-5204 as shown in FIG. 15. In this way, an 
interlaced scanning display is produced by offsetting the 
positions of light-emitting pixels in odd/even fields of an 
interlacing signal. 

[0105] The positions of light-emitting pixels in odd fields 
and even fields are controlled by the phase of the sustain 
pulses applied to the X sustain electrode and Y sustain 
electrode, and light emission/non-light emission of pixels in 
corresponding sub fields is controlled by address discharge 
between the address electrodes 5300, 5301, and Y sustain 
electrodes 5201, 5202, 5203, 5204. In other words, the 
control of light em ission/non -light emission of a pixel 5410 
is determined by address discharge between the Y sustain 
electrode 5201 and address electrode 5300 for both odd 
fields and even fields, and whether the pixel is formed at the 
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position shown in FIG. 14 or at the position shown in FIG. 
15 is determined by the conditions under which the subse- 
quent sustain pulse is applied. Therefore, the function of the 
address periods is the same as in the prior art plasma display 
shown in FIG. 2 for both even fields and odd fields, 
sequential scanning pulses being applied to the Y electrodes, 
and the address electrodes AO, Al being controlled accord- 
ing to the light emission/non-light emission of pixels. 

[0106] Therefore, the technique of the present invention 
whereby plural lines are simultaneously addressed by iden- 
tical data to shorten the address period may also be applied 
to a prior art plasma display. In this case, lower SF data of 
adjacent plural lines which are input in an interlaced format 
in the field are shared, and for image signals synthesized in 
one frame, images are distant from each other in a vertical 
direction and image correlation is low. As a result, compared 
to a prior art sequential scanning plasma display, the number 
of lines having identical data is no more than two, and sub 
fields having the same data are limited to those with a low 
light-emission weighting, so visible image deterioration is 
prevented. 

[0107] Next, the construction and operation of the pro- 
cessing circuit 202 of the control bit smoothing circuit 200 
will be described referring to FIG. 16 and FIG. 17. 

[0108] FIG. 16 schematically shows pixel amplitudes of 
the signals PI, P2 input to the processing circuit 202, which 
are signals for two adjacent lines, and the pixel amplitude of 
the processing outputs 01, 02. 

[0109] As lower bits have the smallest error due to inter- 
conversion with input pixels (the input image?), and desired 
lower bits are shared by adjacent pixels, the average value 
fO of input signals and the value fl based on their difference 
may be calculated by the following equations (1) and (2), 

jQ-(Pi+P2)n (a) 

fi-(Pi-PZ)n (2) 

[0110] Next, the lower n bits of fl are converted (quan- 
tized) to become 0, which will be written as fl'. Using this 
fl', the output signals 01, 02 are found by the following 
equations (3), (4), 

01- /0+/1* (3) 

02- /0-/1' (4) 

[0111] As the lower n bits of 11* are 0, the lower n bits of 
01, 02 obtained by addition or subtraction of fO are output 
as values wherein the lower n bits of fl) are unchanged. In 
other words, the lower n bits of 01, 02 can be treated as 
equal data. Strictly speaking, when there is no carrying or 
borrowing from the lower bits, addition and subtraction give 
the same result (square law computation (modulus 2)), so the 
data in the lower n+1 bits can be converted to be the same 
in 01, 02. The average value (01+02)/2 of the outputs 01, 
02 is then always equal to the average value fO of the inputs 
PI, P2, so the average signal level of plural lines, e.g. two 
adjacent lines, can be maintained the same. Further, the error 
involved in sharing the lower bits is scattered in (jfl— fl f |) 
units equally between 01, 02, so there is no built-up of 
conversion error in specific pixels, and the mean square 
deviation between the input image and the image after 
conversion can be minimized. When fl-fT, it is clear that 
PI -01, P2-02, so the question of whether the lower few 



bits should be shared can be determined by the quantizing 
characteristics of a quantizing circuit 207 from fl to fl'. 

[0112] Next, the layout of the processing circuit 202 will 
be described referring to FIG. 17. 

[0113] In FIG. 17, 205, 208 are addition circuits, 206, 209 
are subtraction circuits, 207 is the quantizing circuit whereof 
the characteristics vary according to the external control 
signal CB, and 202 is the processing circuit. The vertically 
adjacent pixels PI, P2 input by the processing circuit are 
input to the addition circuit 205 and subtraction circuit 206. 
In the addition circuit 205, addition of PI and P2 is per- 
formed, and the average value fO is computed as shown by 
Equation (1). In the subtraction circuit 206, the subtraction 
P1-P2 is performed, and the value fl. is calculated based on 
the difference shown in Equation (2). fl is input to the 
quantizing circuit 207 and converted to fl*. The quantizing 
circuit 207 performs processing so that the lower bits 
specified by the control signal CB are "0". The signal fl*, 
wherein desired lower bits have been converted to 0 by the 
control signal CB, is added to fO generated by the addition 
circuit 205 in the addition circuit 208, and the result is output 
as the conversion output 01. In the subtraction circuit 209, 
fO is subtracted from fl', and the result is output as the 
conversion output 02. Due to the above arrangement, image 
deterioration can be kept to a minimum, and lower bit data 
of two lines can be shared. 

[0114] It may be noted that by discarding the lower bits, 
the computational processing can be reduced to Vi. Although 
not shown, this may be reduced to Vi by the outputs of the 
addition circuit 205 and subtraction circuit 206, as shown in 
Equations (1) and (2). Alternatively, to reduce rounding 
errors in the computation step, it may be reduced to in the 
output parts of the addition circuit 208 and subtraction 
circuit 209. The quantizing characteristics of the quantizing 
circuit 207 are controlled by the control signal CB, so the 
question of which lower bits and how many bits are shared, 
is controlled by the setting of the external CB. 

[0115] It may be considered that the average signal level 
fO of two lines shown here is a low frequency component in 
the vertical direction of the image, and the value fl based on 
the difference of the two lines is a high frequency component 
in the vertical direction. Due to the quantizing circuit 207, 
the high frequency component fl in the vertical direction is 
"0" relative to the sub field corresponding to the lower bits, 
so the signal comprises only the low frequency component 
fO. In this way, in the lower sub fields, the vertical resolution 
is limited to only the low frequency component fO, the 
number of data in the address period is thinned, and simul- 
taneous addressing can be performed using identical data. 

[0116] By dividing into plural vertical frequency compo- 
nents and selecting or recombining addition or subtraction 
bits by quantizing as described above, the resolution infor- 
mation in specific sub fields corresponding to desired bits 
can be limited, and address periods can thus be shortened. 
This is the characteristic feature of this invention. 

[0117] Hereabove, the processing was described for sig- 
nals of two adjacent lines, but data corresponding to lower 
sub fields may also be shared among plural lines regardless 
of whether they are adjacent or not adjacent. 

[0118] The arrangement of the processing circuit 202 
when this is extended to four lines will now be described. 
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[0119] FIG. 18 is an example of the processing circuit 202 
used for extension to four lines. The bit smoothing circuit 
200 shown in FIG. 11 allows two line signals to be pro- 
cessed simultaneously, but the processing circuit 202 shown 
in FIG. 18 is installed inside a bit smoothing circuit, not 
shown, which allows pixels in four continuous lines in one 
field to be processed simultaneously. 

[0120] In FIG. 18, 210 is a fourth order Hadamard trans- 
form circuit which converts vertically adjacent pixels PI, 
P2, P3, P4 to four frequency components fO, fl, £2, f3, 211 
is a fourth order Hadamard inverse transform circuit which 
performs an inverse transformation to convert four fre- 
quency components fl), fl', £2', f3' to output pixels 01, 02, 
03, 04, 207 is the quantizing circuit which converts the low 
frequency component fl. into fl', 212 is a quantizing circuit 
which converts the frequency component f2 to £2', and 213 
is a quantizing circuit which converts the frequency com- 
ponent f3 to D'. 

[0121] The vertically continuous pixels PI, P2, P3, P4 are 
decomposed into the four frequency components fl), fl, £2, 
£3 by the Hadamard transform circuit 210. fO is the average 
(direct current component) of four pixels showing the high 
frequency components fl, £2, £3. Subsequently, fl, £2, £3 are 
respectively input to the quantizing circuits 207, 212, 213, 
and quantization is performed according to quantizing char- 
acteristics determined by the control signal CB. In the 
example shown in FIG. 18, these components are quantized 
so that the lower two bits of fl' are "0", and the lower four 
bits of £2', f3' are "0". 

[0122] In the Hadamard inverse transform circuit 211, 
output pixels are generated and output from the frequency 
component fO and quantized fl', f2', £3'. 

[0123] The computing process for the output pixels Ol, 
02, 03, 04 performed by the Hadamard inverse transform 
circuit 211 is shown by the following equations (5)-(8). 

01- C/O+A^'+P') (5) 

02- (J0+fl<)-(f2W) (6) 

03- (JV-fl<)-(f2'-f3<) (7) 

04- (^AV02'-/3) (8) 

[0124] In the arrangement shown in FIG. 18, the quan- 
tizing characteristics of the quantizing circuit 212 relative to 
f2, and the quantizing characteristics of the quantizing 
circuit 213 relative to D, are set to be equal, and converted 
so that the lower four bits of £2', £3* are 0. As a result, the 
lower four bits in the computation results of (£2'+0') and 
(£2'-f3') are "0". Further, fl' is converted so that the lower 
two bits are "0". From these conditions, as the output pixels 
01-04 are computed by adding or subtracting fO, fl.', 
(£2'+£3') or (£2'-D f ), the values of the lower two bits of fl) are 
output without modification, and the lower two bits of data 
are equal for four pixels. 

[0125] Next, comparing Ol and 02, as these pixels are 
obtained by adding or subtracting (£2'+£3'), wherein the 
lower four bits are "0", to or from (fl)+fT), in addition to the 
lower four bits, the data is identical up to the fifth lower bit 
obtained by addition or subtraction without carrying or 
borrowing from the lower bits. Likewise, comparing 03 and 
04, as these pixels are obtained by adding or subtracting 
(£2'-£3'), wherein the lower four bits are "0", to or from 
(fD-fT), in addition to the lower four bits, the data is 



identical up to the lower five bits by addition or subtraction 
without carrying or borrowing from the lower bits. In other 
words, due to the setting of the quantizing characteristics 
shown in FIG. 18, from the fifth lower bit to the third lower 
bit, the data is the same in two line units of 01, 02, 03 and 
04, and for the second lower bit and first lower bit, all the 
data can be made the same from 01-04. 

[0126] Due to the above processing, the two sub fields 
corresponding to the second lower bit may be simulta- 
neously addressed in four lines by identical data, and in the 
three sub fields corresponding to the region from the fifth 
lower bit to the third lower bit, simultaneous addressing may 
be performed in two lines by identical data. As a result, the 
address period of the sub field corresponding to the region 
from the fifth lower bit to the third lower bit can be shortened 
to Yi, and the address period of the second lower bit and first 
lower bit can be shortened to Y*. 

[0127] To make the input/output amplitude range the 
same, Y* of the computational processing is required, but as 
in the case of the example shown in FIG. 17, it can be 
achieved without any special hardware layer by setting the 
effective bits of the computing data, and is therefore omitted 
here. This may be done for example by making fl)-£3 equal 
to l A in the output stage of the orthogonal transform circuit 
210, or by making the amplitudes of the output pixels 01-04 
equal to Y*. 

[0128] The processing techniques shown in FIG. 17 and 
FIG. 18 coincide with compression and decoding (expand- 
ing a compressed signal) of image data using an orthogonal 
transform (Hadamard transform), and this is similar to the 
method where the quantizing is made coarser the higher the 
frequency components (f2, £3) are compared to the direct 
current component (fl)). 

[0129] In other words, quantized bit distribution know- 
how acquired from image compression in the prior art is 
applied here, and a conversion is performed so that image 
deterioration is hardly visible. 

[0130] When an image signal, which has been compressed 
by an image compression technique using orthogonal trans- 
form, recorded and transmitted, is subsequently decoded, if 
the address period is first compressed, there is less missing 
information in the compressed transmission step, so a dis- 
play with little image deterioration can therefore be achieved 
in practice. 

[0131] By dividing the input signal into plural resolution 
information and limiting the resolution information of spe- 
cific sub fields as described above, the address period can be 
shortened. 

[0132] By dividing into four vertical frequency compo- 
nents, selecting addition and subtraction bits by a quantizing 
means and recombining them, specific resolution informa- 
tion corresponding to desired bits can be limited, and 
consequently the address control period can be shortened. 
Further, sub field and resolution limits can be controlled by 
varying the quantizing characteristics of frequency compo- 
nents by the control signal CB. 

[0133] The recombination of pixels from plural, divided 
frequency components is performed by a linear combination 
with a coefficient of "1" or "-1" as shown in Equations (3), 
(4), and (5)-(8). As a result, bits selected by the quantizing 
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means are directly reflected in output pixels, and resolution 
information in specific sub fields corresponding to desired 
bits can easily be limited. In practice, a coefficient of Vi or 
Va is applied to make the input/output amplitude range the 
same, and if the combination of output pixels is such that the 
coefficient of frequency components is "K" or "-K", setting 
limits on resolution information in specific sub fields cor- 
responding to desired bits is easy to accomplish by setting 
the quantizing characteristics. Therefore, orthogonal trans- 
forms other than a Hadamard transform can be used pro- 
vided that there are linear combinations using the two 
coefficients "K", "-K". 

[0134] According to this invention, address periods are 
shortened according to a required brightness, and the time 
thus gained can be allocated to improving image quality 
such as brightness, gradation and false contour. 

[0135] By thinning data in lower sub fields having a 
relatively small light-emission weighting, image deteriora- 
tion can be reduced. 

[0136] By thinning data in lower sub fields excluding sub 
fields having the lowest light-emission weighting, pseudo- 
intermediate gradations such as dither or error scatter pro- 
cessing may also be displayed. 

[0137] To obtain a high brightness display, data is thinned 
in a large number of sub fields and more time is assigned to 
the sustain period, whereas for a low brightness/high detail 
display, sub fields with data thinning are reduced or com- 
pletely eliminated. Hence, an image quality suited to the 
image content and user's intention can be obtained. 

[0138] Further, by dividing an input image signal into 
vertical frequency components, limiting the display resolu- 
tion information and shortening the time for which illumi- 
nated pixels are controlled, a high-quality display which is 
not prone to image deterioration can be realized. 

[0139] This invention may also be applied to other 
embodiments apart from those described above without 
departing from the spirit or main features thereof. The above 
embodiments are therefore intended as examples in every 
aspect, and should not be construed as limiting. The scope 
of this invention is shown by the range of appended claims. 
Further, changes and modifications within the scope of the 
appended claims are all within the scope of this invention. 



What is claimed is: 

1. A display apparatus using a sub field which illuminates 
addressed pixels of a display unit to display an image, 
comprising: 

an image signal processing circuit which performs sub 
field conversion processing on an input image signal; 

a computational processing circuit which arranges 
address data of at least one lower sub field of an image 
displayed on said display unit identical in plural lines; 

a drive circuit which addresses and illuminates pixels of 
said display unit based on the outputs of said input 
signal processing circuit and said computational pro- 
cessing circuit; 

wherein an image corresponding to the input image signal 
is displayed by driving the display unit with said drive 
circuit when said computational processing circuit per- 
forms addressing of the at least one lower sub field 
simultaneously in plural lines and address periods 
which select the illuminated pixels of said display unit 
are shortened. 

2. A display apparatus according to claim 1, wherein said 
computational processing circuit arranges the address data 
of the at least one lower sub field comprising a lowermost 
sub field having a minimum light-emission weighting iden- 
tical in plural lines. 

3. A display apparatus according to claim 1, wherein said 
computational processing circuit arranges the address data 
of the at least one lower sub field excluding a lowermost sub 
field having a minimum light-emission weighting identical 
in plural lines. 

4. A display apparatus according to claim 1, wherein said 
computational processing circuit enables control of the 
number of sub fields for which the address data are arranged 
identical in plural lines by setting from outside of the display 
apparatus. 

5. A display apparatus according to claim 1, wherein said 
computational processing circuit arranges the address data 
identical in plural lines by selecting, processing and com- 
bining elements obtained by splitting said image signal in 
plural lines into plural frequency components. 

* * * * * 
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